Background: Venous thromboembolism is a serious surgical complication. Risk stratification does not reliably predict which patients will be affected, and anticoagulants introduce additional risks. The Doppler ultrasound scan is the definitive test for the detection of deep vein thrombosis. Objectives: This prospective, controlled study was undertaken to determine the feasibility of Doppler ultrasound imaging as a screening tool for deep vein thromboses in plastic surgery outpatients. Methods: Doppler ultrasound screening was offered to 100 consecutive outpatients undergoing a variety of cosmetic plastic surgeries. Total intravenous anesthesia was administered by propofol infusion, and a laryngeal mask airway was inserted. SAFE (spontaneous breathing, avoid gas, face up, and extremities mobile) principles were observed. No patient received anticoagulants. Ultrasound scans were performed before surgery, 1 day after surgery, and approximately 1 week after surgery. Deep veins of the lower extremities, including the calf veins, were analyzed by compression, color Doppler imaging, and Doppler waveform analyses. Twenty-five control participants who did not undergo surgery were evaluated with ultrasonography. A survey was administered to all participants after the scans. Results: No thromboses were detected in the outpatient or control group. Few survey respondents reported discomfort during the scan, and most indicated that ultrasound scans are a valuable screening tool for blood clots. Conclusions: Doppler ultrasound imaging of the lower extremities is a valuable, noninvasive method for detecting deep venous thromboses in plastic surgery outpatients. Additional study of this modality is warranted.
Venous thromboembolism is a well-known, serious complication of surgery. 1 To reduce the frequency of this postoperative condition, prophylactic anticoagulation (ie, chemoprophylaxis) is recommended for patients deemed to be at high risk. 1 However, the author has challenged the efficacy and safety of this treatment. 2, 3 Despite efforts to accurately predict which patients will develop a deep vein thrombosis postoperatively, 1 the goal remains elusive. 3 An intervention that benefits all surgery patients without causing harmful side effects is needed.
Doppler ultrasound imaging is a sensitive, direct, noninvasive method for detecting deep vein thromboses. 4 This pilot study was undertaken to determine the feasibility of Doppler ultrasound imaging as a screening tool for deep vein thrombosis in outpatients undergoing plastic surgery. To the author's knowledge, no published studies have addressed Doppler ultrasound imaging in this setting.
METHODS

Study Design and Patient Population
Approval for this this prospective, controlled study was obtained from Institutional Review Board Services, which is accredited by the Association for the Accreditation of Human Research Protection Programs. This pilot study was registered at www.clinicaltrials.gov (NCT02123550). 5 Doppler ultrasound screening was offered to 100 consecutive individuals undergoing outpatient plastic surgery, including 1 who underwent outpatient surgery twice (augmentation-mastopexy and subsequent facelift; 101 total cases). The only inclusion requirement was patient consent; there were no exclusion criteria. There was no charge for taking part in the study and no patient reimbursement for participation. No patient reported a history of venous thromboembolism or clotting disorders.
A control group of 25 volunteers, including nurses and other staff members at the Surgery Center of Leawood, also were included in the study. Members of the control group did not have surgery but underwent ultrasound scans. Control participants received an honorarium of $100, paid by the author, for their participation.
All participants were asked to complete a survey (Appendix A; available online at www.aestheticsurgeryjournal.com), which was administered by office and nursing staff, who also participated, in person or by telephone.
Ultrasound Scans
Ultrasound scans were scheduled for before surgery, 1 day after surgery, and approximately 1 week after surgery. The date of the first scan usually coincided with the patient's appointment 2 weeks before surgery. The second and third scans were performed during regularly scheduled postoperative appointments. The members of the control group underwent ultrasound scans on 2 adjacent days with a third scan 1 week later.
During each ultrasound scan, the deep veins of both lower extremities (ie, the common femoral, great saphenous, superficial femoral, deep femoral, popliteal, posterior tibial, and peroneal veins) were imaged with a Terason t3200 Vascular Series Ultrasound System (Terason Corp, Burlington, MA; Figure 1 ). Compression ultrasound (B-mode imaging), duplex ultrasound (B-mode imaging and Doppler waveform analysis), and color Doppler imaging were conducted. A video that demonstrates Doppler ultrasound screening for detection of deep vein thrombosis may be viewed at www. aestheticsurgeryjournal.com or www.surgery.org/videos.
Surgical Procedures
All surgical procedures were performed by the author at the Surgery Center of Leawood, a state-licensed ambulatory surgery center in Kansas. Total intravenous anesthesia 3, 6 was administered by propofol infusion, and a laryngeal mask airway was inserted. SAFE (spontaneous breathing, avoid gas, face up, and extremities mobile) procedures were practiced, 3 and no patient was paralyzed, intubated, ventilated, or placed in a prone position. Patients were turned from supine to lateral positions for superwet infusion and liposuction to enable mobility of the lower extremities. 6 Sequential compression devices were placed on the lower extremities, and none of the patients received anticoagulant therapy. Operating times were limited to approximately 6 hours per case, and each liposuction procedure was limited to a total aspirate volume of 5 L.
Statistical Analyses
Statistical analyses were performed with SPSS Statistics for Windows (version 21.0, IBM Corp, Armonk, NY). Frequencies of categorical variables were compared using the Pearson chi-square test. Statistical significance was defined as P < 0.05.
RESULTS
All 100 consecutive outpatients consented to participate in the study. Mean ages and body mass indices were similar for the outpatient and control groups ( Table 1 ). The outpatient group included 88 women and 12 men with a mean age of 42.2 years (range, 19.8-71.6 years). The control group comprised 17 women and 8 men with a mean age of 40.9 years (range, 19.3-64.2 years). The mean body mass index was 25.7 kg/m 2 for both groups. The male to female ratio was greater in the control group than in the outpatient group (P < 0.05).
In total, 100 outpatients underwent 179 procedures (Table 2 ) during 101 operations. All patients underwent preoperative scans and returned for an ultrasound scan 1 day after surgery. Ninety-nine patients (99%) returned for imaging approximately 1 week after surgery (range, 6-9 days). The 1 patient (1%) who did not undergo a scan 1 week after surgery lived out of town. All control patients underwent all three scans. The images from all ultrasound scans were considered adequate for analysis.
One outpatient had clinical findings suggestive of a deep vein thrombosis, despite negative sonographic findings at 
Patient Surveys
Ninety-five of 100 (95%) outpatients and all members of the control group completed the study survey. Of 95 outpatient respondents, 89 (93.7%) considered the ultrasound examinations to be a valuable screening tool for blood clots (Table 3) . Although 65 of 95 outpatient respondents (68.4%) indicated that they knew blood clots are a risk of surgery, only 16 (16.8%) were concerned about the complication. Six outpatient respondents (6.3%) reported that the scan was painful, and 14 (14.7%) stated that the time commitment was excessive; however, 88 (92.6%) indicated that the tests were preferable to anticoagulant therapy. Of 95 respondents in the outpatient group, 64 (67.4%) stated that there should be no additional cost for the ultrasound scans. Compared with outpatient respondents, significantly greater percentages of control respondents stated that they knew someone affected by a blood clot (P < 0.05) and were concerned about this risk (P < 0.05). Regarding other survey questions, control and outpatient responses were similar. 
DISCUSSION
Risk of Thromboembolism in Plastic Surgery
The Venous Thromboembolism Prevention Study 1 included inpatients who primarily were undergoing reconstructive plastic surgery. The unadjusted rate of thromboembolism was 1.2% in the historical control population and among inpatients treated with postoperative enoxaparin during their hospital stay. 2, 3 The frequency of this complication is thought to be lower among plastic surgery outpatients, who are generally healthy and free of serious illnesses such as cancer. 2, 3 The empirical results of numerous large patient series [7] [8] [9] [10] [11] [12] [13] have indicated that patients receiving total intravenous anesthesia experience fewer thromboembolisms than patients given general anesthesia with endotracheal intubation. 3 However, no information is available regarding the rate of subclinical deep vein thrombosis among plastic surgery outpatients.
Risks of Anticoagulant Therapy
Prophylactic anticoagulation can have serious risks, including increased bleeding and wound hematomas. 2, 3 Such problems can cause anemia and may lead to wound dehiscence 14 or necessitate a blood transfusion and hospitalization. Dini et al 14 reported hematomas in 8 of 8 abdominoplasty patients (100%) treated with rivaroxaban (Xarelto, Bayer Healthcare AG, Leverkusen, Germany), an oral anticoagulant. In a retrospective chart review of 681 patients who underwent body contouring, Morales 15 reported hematomas in 5 of 445 patients (1.1%) who received rivaroxaban and 1 of 235 patients (0.4%) treated with low molecular weight heparin. Four patients required transfusions. Even 1 iatrogenic complication is unacceptable if the benefit is questionable and alternative methods can reduce the risk. 2, 3 Hematomas are distressing to patients and surgeons alike and compromise the patient-physician relationship.
Limitations to Stratification of Individual Risk
Thromboembolism can occur even in patients with low or moderate risk scores for the condition.
2,3 Administration of anticoagulation therapy based on a 3.0% individual risk threshold of thromboembolism is associated with a falsepositive rate of 97%. 3 These results are unacceptable for any screening test, especially when they are applied to Individual risk stratification based on a Caprini score of ≥7 has a sensitivity of 52.4%. 3 Caprini 16, 17 acknowledges that his scores are based on logic, experience, intuition, and emotion, compromising their scientific validity. Moreover, Caprini scores are nonlinear and not normally distributed, precluding reliable statistical comparisons between groups. Risk stratification is ineffective in patients undergoing plastic surgery 3 and is unnecessary when chemoprophylaxis is not routinely administered. Thus, Caprini scores were not tabulated in this study.
In the author's practice, most abdominoplasties are performed in combination with liposuction (90%). Many patients (30%) undergo cosmetic breast surgery (ie, a "mommy makeover") or facial surgery simultaneous with abdominoplasty-liposuction. From 2004 to 2014, the author encountered 1 patient with a known venous thromboembolism (2005; Figures 10-12) . The only risk factor for this 39-year-old woman was her 3-hour operation, consisting of an abdominoplasty with liposuction of the lower body. Her resulting Caprini score of 3 (2010 scoring system) 17 did not categorize her as a patient at increased risk of deep venous thrombosis. Because no clots were detected in the 100 consecutive outpatients and 25 controls in this study, ultrasound scans from this 39-year-old woman are presented in Figures 10-12 .
Doppler Ultrasound Imaging
Doppler ultrasound imaging is a well-known diagnostic tool that currently is the definitive test for deep vein thrombosis. 4, 18 In symptomatic patients, the sensitivity of ultrasonography for detection of a proximal deep vein thrombosis is 97%, and the specificity is 94%. 4 When a patient has clinical findings consistent with a deep vein thrombosis (ie, pain and swelling in a lower extremity), the presence of a clot can be assessed in the office by ultrasonography, avoiding the increased inconvenience, time, and cost of a hospital visit. If a clot is detected, the patient can be referred to the hospital for treatment by a radiologist, hospitalist, and/or internist, as indicated. Detection of a clot at imaging is sufficient to institute treatment; if there is no sign of a thrombus, anticoagulation may be withheld. 4, 18 Only in unusual circumstances is a venogram required (eg, when a patient cannot be adequately imaged with Doppler ultrasound). 4, 18 Venograms pose additional risks, such as allergic reaction Figure 2 showing the right superficial and deep femoral veins (blue) as they join to form the common femoral vein. Note the femoral artery (red) above.
to the contrast dye and postvenographic phlebitis, as well as greater cost. 19 Color Doppler imaging enables visualization of the calf veins, provides optimal clot detection, 19 and is preferable to D-dimer assays, which are less sensitive for isolated thrombi in these veins. 4 Because of its superior sensitivity for thrombosis detection and its safety and practicality in terms of cost and patient compliance, Doppler ultrasonography was selected for this study, and no attempt was made to compare it with other methods.
Additional Applications of Ultrasonography
With any new device, applications increase with experience. The author has found ultrasound imaging to be suitable for differentiating postoperative swelling from seroma and in guiding aspiration in 1 patient. Saldanha 20 routinely orders preoperative ultrasound scans of the abdominal wall to rule out hernias in patients undergoing liposuction and abdominoplasty. Ultrasound may be particularly valuable for patients who have scars from previous abdominal surgery, potentially reducing the risk of inadvertent intraperitoneal penetration.
Financial Considerations
The ultrasound equipment utilized in this study (and 5- part-time at an additional cost of $20,000 annually, not including the substantially increased nursing time. Many patients likely would forego ultrasonography if it posed an additional cost to them. In this study, ultrasound examinations were offered at no charge to ensure patient compliance and reliability of the data. When ultrasonography is applied in clinical practice as a screening tool, patient acceptance may be optimized by incorporating the cost of ultrasonography into the surgical fee. By avoiding chemoprophylaxis, the patient saves approximately $250 (ie, the cost of a 1-week course of enoxaparin).
As experience with ultrasonography increases, the number of required examinations likely will decrease, and routine preoperative scans may become unnecessary. More data are needed before these determinations can be made. Nevertheless, there is a goodwill factor and a secondary marketing advantage for surgeons who offer ultrasound examinations because patients typically are grateful to know their surgeon emphasizes safety. Open discussions with patients regarding the risk of thromboembolism and methods of risk reduction are helpful. Compared with investments that many plastic surgeons make in online advertising and "hot" technologies of unproven value, the financial commitment for ultrasound equipment and staff seems minimal, particularly if it facilitates early detection of thromboembolism and mitigates the risk of hematoma. Additional time in the office is welcomed by many patients who perceive a benefit from more contact with the staff and additional opportunities to ask questions and be reassured. Only 14.7% of outpatients in this study considered the time commitment for the scans to be excessive.
Study Limitations
This study was limited by a sample size that was too small for evaluating a complication that occurs in ≤1% of patients. 21 Investigators evaluating total intravenous anesthesia in large outpatient series [7] [8] [9] [10] [11] [12] [13] have found a mean thromboembolism rate of 0.06% (range, 0%-0.20%). Therefore, it may be necessary to evaluate 1000 outpatients to encounter 1 with thromboembolism. However, this pilot study should not be considered underpowered because the author did not seek to evaluate a treatment effect, but to determine the feasibility of a screening tool that is highly sensitive and specific 4 for diagnosing thromboses of the deep veins. Another limitation of this study was the timing of the ultrasound scans. Scant information is available regarding the timing of thrombosis formation in patients undergoing plastic surgery. 1 The Venous Thromboembolism Task Force of the American Society of Plastic Surgeons 22 found inadequate data for recommending a period of chemoprophylaxis. Patients undergoing major plastic surgery, such as circumferential belt lipectomy, may show signs of venous thromboembolism >20 days postoperatively. 23 In the present study, patients were last scanned approximately 1 week after surgery; thromboses developing at later times would not have been detected. It is unclear whether a thrombosis can be linked to surgery if no sonographic evidence of a clot is detected 1 week postoperatively. A 1-week time frame was chosen in this study to maintain a high level of patient compliance and because these outpatients had been ambulatory for approximately 1 week. This time frame also corresponds to the 1-week period of enoxaparin injections frequently prescribed for chemoprophylaxis. 24, 25 Seruya et al 25 recommended performing Doppler ultrasound evaluations between 5 and 7 days after surgery.
None of the 100 outpatients participating in this study reported a known clotting disorder or history of thromboembolism. Such patients would be well-served with perioperative ultrasound scans. Thromboembolisms can occur in patients who are treated with anticoagulants. 1, [23] [24] [25] [26] Additional scans within the first week after surgery or at later times (eg, 1 month after surgery) may be advisable for individuals who are at greater risk for thromboembolism, including (1) patients with a clotting disorder or personal history of deep venous thrombosis, (2) patients with clinical signs suggestive of a thrombosis, and (3) patients receiving general endotracheal anesthesia 3 (eg, for belt lipectomy 23 or major breast reconstruction. 24 ) Figure 7 . Longitudinal color Doppler image obtained in the same patient as in Figure 5 showing the paired right peroneal veins (blue). 
Study Strengths
The present study was prospective and controlled and had an inclusion rate of 100%. There were few confounding variables because all patients were treated by the same surgeon at the same facility employing the same surgical techniques, method of anesthesia, and anesthetist. The only potential confounder was the sonographer. The absence of subclinical thromboses detected by ultrasonography among plastic surgery outpatients may help to inform prevalence estimates of asymptomatic deep vein thrombosis. This finding also confirms the safety of total intravenous anesthesia. Outpatient survey respondents welcomed ultrasound screening and considered it a valuable safety measure. The results of this study suggest that ultrasound screening can obviate the need for individual risk stratification and routine chemoprophylaxis. This is welcome news for plastic surgeons who wish to avoid unnecessary complications in their patients. 
CONCLUSIONS
Doppler ultrasound is a safe and well-tolerated screening tool for deep vein thromboses in the early period after outpatient plastic surgery. This imaging technique is a suitable alternative to individual risk stratification and chemoprophylaxis and may be a powerful tool for plastic surgeons who wish to improve patient safety. Studies of larger patient series are needed; 1 such study is presently underway.
